Historic,  archived  document 


Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


UNITED  STATES  DEPARTIVlENT  OF  AGRICULTURE 
Agricultural  Research  Administration 
Bureau  of  Plant  Industry,  Soils,  and  Agric\iltur:.l  -i^ngineering 

in  cooperation  with 
THE  FLORIDA  CITRUS  COivilVlISSION 
STATE  OF  FLORIDA 


H.  T.  &  S.  Office  Report  do,  97 
(DO  NOT  PU.13LISH) 


EFFECTIVENESS  OF  DIFFERENT  METiiUDS  OF  CAR-PRECQOLIWG  OF 
ORjiNGES  IN  FLORIDA,  194k! 


A.  Lloyd  Ryall,  horticulturist,  John  R.  '"inston,  senior  horticul- 
turist, and       Robert  Henry,  minor  scientific  helper.  Division  of 
Fruit  and  Vegetable  Crops  and  Diseases. 


Washington,  D.  C. 
May  24,  1945 


Mimeographed  by  the 
Florida  Citrus  Commission 


H.  T.  &  S.  Office  Report  No.  97 

Effectiveness  of  Different  Methods  of  Car-Precooling  of  Oranges  in  Florida 

1942  1/ 

By  A.  Lloyd  Ryall,  horticulturist,  John  R,  I'linston,  Senior  horticul- 
turist, and  V< .  Robert  Henry,  minor  scientific  helper.  Division  of 
Fruit  and  Vegetable  Crops  and  Diseases,  Bureau  of  Plant  Industry, 
Soils,  and  Agricultural  Engineering,  Agricultural  Research  Adminis- 
tration, U.  S.  Department  of  Agriculture. 

The  studies  on  precooling  2/  of  oranges  covered  in  this  report  are  a 
continuation  of  those  conducted  during  the  season  of  1940-41.    The  plan 
drawn  up  at  the  beginning  of  the  season  1941-42  was  to  confine  the  work 
to  fruit  packed  in  standard  boxes  since  but  little  if  any  data  had  been 
obtained  on  car  precooling  of  Florida  oranges  in  this  container. 

1/  This  project  is  part  of  :.  broad  study  of  Florida  citrus  handling  and 
transportation  investigations  conducted  by  the  U.  S.  Department  of  Agricul- 
ture in  cooperation  v/ith  the  Florida  Citrus  Commission  and  Florida  shippers. 
The  tests  reported  herein  were  conducted  at  the  Adams  Packing  Company  and 
the  Clark  Fruit  Company.    Thanks  is  extended  to  the  management  and  foreman 
of  these  agencies  for  their  generous  cooperation  and  assistance. 
2/  "Precool"  is  the  terra  commonly  applied  to  rapid  removal  of  heat  from  a 
perishable  commodity  through  means  of  artificial  refrigeration  applied  at 
loading  point  within  a  short  time  after  the  commodity  is  harvested.  The 
object  is  to  quickly  reduce  the  temperature  of  the  commodity  to  a  degree 
at  which  normal  physiological  processes  which  bria,^  on  senescence  are 
retarded  and  the  invasion  by  parasitic  organisms  which  produce  decay  is 
delayed.    The  desirable  temperature  varies  with  the  commodity  and  the 
spoilage  agents  to  be  coped  with.    In  the  case  of  Florida  oranges  and  grape- 
fruit a  rapid  reduction  to  a  temperature  of  50^  F  soon  after  packing  and  a 
maintenance  of  this  temperature  during  short  periods  of  transit  is  highly 
desirable. 
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Later,  at  the  request  of  tho  Florida  Citrus  Exchange,  the  program 
was  bro:.deried  to  include  fruit  packed  in  wire-bound  crates. 

Due  to  a  series  of  unavoidable  circumstances  authority  to  initiate 
the  investigation  was  not  granted  until  late  October.    3y  that  time  the 
weitberiiad  become  fairly  cool  and  the  need  for  precooling  was  lessened 
so  that  opportunities  to  make  comparative  tests  were  correspondingly 
reduced  and  only  two  tests  were  conducted  during  the  fall.    They  v/ere 
with  color-added,  wrapped  or^^nges  packed  in  standard  nailed  crates. 

When  the  work  v/as  resumed  in  the  spring  ..in  attempt  was.  made  to 
evaluate  some  of  the  precooling  methods  in  use  during  the  relatively 
brief  period  of  April  and  May  when  high  temperatures  at  loading  time  make 
some  cooling  desirable .    These  tests  were  with  non-wrapped  oranges  packed 
in  wire-bound  crates. 

Equipment  used 

Both  bunker  fans  and  truck-mounted  refrigerating  units  were  used 
in  these  tests. 

The  bunker  fans  v/ere  of  thu  regular  precooling  type  with  cylindri- 
cal housing  of  sheet  metal,  the  eight-bl^de  fans  beirig  17  inches  in 
diameter.    The  fans  were  driven  by  a  direct  shaft  from  a  4--h.p.  motor  at 
1725  r.p.m.    The  portion  of  the  bulkhead  not  covered  by  the  fan  was 
blocked  off  by  a  suitable  baffle. 

The  mechanical  unit  in  the  test  was  the  comionly  used  truck- 
mounted  type  with  the  compressor  operated  from  the  track  motor,    and  a 
built-in  blower-type  fan  to  circulate  the  air  over  expansion  coils  and 
through  a  canva:3  tunnel  into  the  doorway  of  the  car.    The  air  was  blovm 
through  the  upper  hi. If  of  the  doorway  over  the  top  of  the  load  and  then 
drav/n  back  tliro-agh  thu  load  and  out  thu  bottom  half  of  the  tunnel  to  the 
coils. 
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Fruit  temperatures  during  precoolini^'  v;ere  obt  .iried  with  electrical 
resistance  bulbs  inserted  in  fruit  in  the  second  layer  of  10  boxes  placed 
in  different  parts  of  the  load.    These  boxes  v/ere  located  as  follows: 
bottom  bunker  centerline,  top  bunker  centcrline,  bottom  quarterlength 
centerline,  top  quarterlerjgth  centerline,  oottom  quarterlength  at  car 
wall,  top  quarterlength  at  car  wall,  bottom  doorway  centerline,  top  door- 
way centerline,  bottoin  doorway  at  car  wall,  and  top  doorway  at  car  wall. 
Air  temperatures  during  precooling  were  obtained  at  the  points  of  coldest 
and  v/armest  air,  namely,  in  the  blast  from  and  the  return  to  the  refrig- 
erating medium. 

Temperature  readings  were  made  every  one-half  to  one  hour  during 
precooling.    In  a  fev>f  cases,  v/hen  the  car  rem;ained  at  the  packing  house 
after  precooling,  additional  temperatures  were  taken  to  determine  changes 
that  occurred  before  the  cars  were  moved  by  the  pick-up  engine  to  be  iced 
or  re-iced. 

The  period  of  precooling,  the  icing'  and  saltirig  method,  etc.,  (Table  l) 
v/ere  generally  those  which,  the  shipper  had  been  using,  since  the  interest 
among  shippers  centered  largely  on  the  amount  of  cooling  that  could  be 
secured  with  the  prevailing  precooling  practice.    Such  variations  as  are 
noted  in  icing  and  salting  were  used  to  demonstrate  what  might  result  from 
a  change  in    the  usual  procedure. 

Results 

Tests  v/ith  standard  nailed  crates  (Oct..  Nov.);  The  object  of  these 

tests  was  to  obtain  information  on  the  rate  of  precooling  with  bunker  fans, 
ice,  and  salt,  of  v/rapped  oranges  packed  in  standard  nailed  crates  and 
loaded  "tight",  that  is,  seven  rows  across  instead  of  the  more  common 
practice  of  six  across  throughout  the  car.    Vvith  this  close  packing,  the 
air  channels  between  the  rows  were  r 'educed  to  the  minimum. 


A 


Tests  A  and  B  v/ere  made  October  31  and  November  1.    Outside  tempera- 
tures on  the  two  days  v;erc  similar,  ranging-  within  Z  degrees,  and  commodity 
temperatures  in  the  two  cars  during  loading-  -were  within  a  few  degrees,  so 
that  conditions  were  about  parallel. 

The  loading  temperature  of  fruit  in  car  A  ranged  from  93  degrees 

to  95  degrees  F.  and  in  car  ^  from  86  degrees  to  96  degrees,  averaging 

94.5  degrees  and  91.1  degrees,  respectively.    As  shown  in  table  the 

maximum  spread  in  commodity  temperature  was  obtained  at  'the  end  of  the 

fifth  hour  of  precooling  when  it  v;as  15. E  degrees  for  car  A  and  21.2 

degrees  for  car  3.    After  six  hours  of  precooling,  the  coimodity  temperature 

ranged  from  75.4  degrees  to  60.5  degrees  in  car  A  and  from  75.1  degrees 

to  56.0  degrees  in  car  B.    This  wide  spread  in  temperatures,  indicating 

lack  of  uniform  chilling  makes  it  obvious  that  six  hours  operation  did 

not  provide  effective  precooling. 

The  average  of  the  ten  cominodity  temperatures  was  91.6  degrees  in 
car  A  at  start  of  precooling-  and  86.4  degrees  in  car  B,  a  aifference  of 

5.2  degrees.    After  six  hours'  precooling  it  dropped  to  6  7.7  degrees  and 

6  7.0  degrees,  respectively.    The  greatest  redaction  was  in  the  top  of  the 

load. 

In  car  A,  .vith  the  -.■/armer  fruit,  th^^  avurage  drop  was  25.9  degrees, 
and  in  car  3  it  was  19.4  degrees.    There  was  a  total  reduction  of  26.5 
degrees  after  seven  and  a  half  hours  in  car  A  and  20.8  degrees  after  six 
and  two-thirds  hours  in  car  3.     In  -the  top  layers  of  car  A  tne  average 
commodity  temperature  dropped  from  92.5  degrees  at  the  beginning-  of  pre- 
cooling to  6  5.2  degrees  at  the  end,  and  in  th^  oottom    layer  from  90,8 
to  6  7.5  degrees  dui-ln^-  precooling.     In  car  3  tho  conmiodity  temperatur-j  in 
the  top  of  the  load  dropped  from  88.3  degrees  at  the  beginning  of  precooling 
to  GO.l  degrees  at  the  end,  and  in  th^::  bottom  of  th^  lo:^d  from  84.4  to  71.0 
degrees  durin^^  pr^^cooling .- 


As  is  alv/ayc  found  in  precooling,  the  rate  of  temperature  reduction 
was  greatest  during  the  firv=^.t  hour,  bein,.;  6.8  degrees  in  car  A  and  5.3 
degrees  in  car  B.    As  the  precooling  continued  the  rate  of  temperature 
reduction  decreased  to  3  degrees  and  0.6  degrees,  respectively,  during  the 
sixth  hour. 

From  those  tests  it  is  obvious  that  a  400-crata  load  of  oranges 
packed  in  standard  n:,i.iled  crates  roquiroj  consider...aly  more  than  six  hours 
to  effect  satisfactory  precooliiig ;  yet  in  actual  cor.aiiercial  operations 
few  cars  are  procooled  moro  than  six  hours. 

Car  B  was  neld  several  hours  for  the  pick--up  after  tha  fans  were 
stopped.    It  "./as  jjossible  tbarefore  to  determine  comvuodity  tciaparatures 
during  the  interval.     In  the  bottoiii  of  the  load  the  average  of  all  tempera 
tures  fell  rapidly,  a  total  of  14.9  dogrO'^s  durii^?;  the  six  and  one-half 
hour  period  between  the  removal  of  the  bunker  fans  and  the  arrival  of  the 
pick-up  train,  while  in    the  top  of  th'j  load  it  roS'-  2'.4  degrees.  The 
rapid  cooling  in  the  bottom  of  tiit;  load  aftoT  the  fans  were  stopped  was 
due  to  the  resumption  of  j'.atural  circulation  in  thj  icud  cars. 

Tests  with  v/ire-bound  craj^cs  (Apr.,  Iviay) :    Jiunl:.er  fans .    Table  3 
shows  a  comparison  of  results  obtained  in  tests  on  tv/o  methods  of  salting 
the  bunker  ice  vvith  the  precooling  f<^ns  placed  at  the  tOjj  bulkhead  open- 
ings.   Both  cars  were  iced  v/ith  96  00  pounds  of  chunk  ice  (75  to  100  lb. 
chunks) .    Car  C  had  500  pounds  of  salt  added  just  prior  to  starting  the 
fans  and  no  more  salt  T/as  added  thereafter.    Car  D  had  200  pounds  of  salt 
added  at  the  start  of  precooling  and  three  aours  later  the  ice  v/as  barred 
down  to  fill  up  channels  and  "pockets"  ;,.nu  an  additional  <:00  pounds  of 
salt  was  added. 


As  shov/n  by  the  fruit  temperatures,  the  latter  method  of  salting 
was  more  effective.    Average  fruit  temperatures  were  4.2  degrees  higher 
in  car  D  than  in  car  C  at  the  start  of  precoolii-Jg ,  ^na  2  degrees  lower  at 
the  completion  of  precoolin.^.    Average  fruit  temf,eratur'3  reduction  was  1.7 
degrees  per  hour  in  car  D  and  only  0.8  degrees  per  hour  in  car  C.  As 
would  be  e::pecbed,  the  air  blast  temperature  in  c:.r  D  was  lower  than  that 
in  car  G,  especially  after    the  second  application  of  salt  to  car  D. 

Table  4  shows  the  results  of  a  tost  made  to  (lotcrmine  tha  effect 
of  size  of  ice  chunks  on  thu  rate  of  precooling  with  bunker  fans.  Car 
E  was  iced  with  chunks  raiiging  in  size  fi-om  75  to  IC'O  pounds  and  car  F 
with  ice  that  was    chopped  much  smr.ller,  the  chunks  'toeing  approximately 
5  to  15  pounds.    The  same  amount  of  salt  (-500  lbs.)  w.is  added  to  each 
car  and  in  each  case  all  of  the  salt  v:o.s  added  just  before    starting  the 
fans.    As  the  fruit  temperatures  show,  no  great  difference  in  precooling 
was  obtaiaed  in  the  two  cars.    Car  i",  iced  with  small  chunks,  averaged 
slightly  bettur  for  the  five-hour  period  but  tlie  difference  is  hardly 
significant.    The  precooling  period  for  thesc^  cars,  however,  was  only  five 
hours  and  from  the  general  trend  of  the  temperature  drop  it  appears  that 
the  difference  in  favor  of  car  F  would  have  been  greater  with  longer  opera, 
tion.     It  is  interestiiig  to  act<^  tbat  the  air  blast  was  10  degrees  to  12 
degrees  lower  in  car  F  than  in  car  E  duriiig  mosi.  of  the  precooling  period. 
The  fact  that  this  difference  in  blast  temperature  did  not  result  in  a 
grcter  v.ifforence  in  fruit  temper  ituru  probably  ij  uae  to  a  r.;  action  in 
the  volume  of  air  that  could  be  moved  through  the  mass  of  smaller  chunk 
ice  due  to  smaller  air  channels  and  increased  resistance. 
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The  results  of  c  second  test  oi.i  the  effect  of  size  of  ice  chunks 
are  reported  in  tabln  5.    In  this  test  400  pounds  of  salt  were  added  to 
each  car  instead  of  300  pounds  as  in  the  previous  test  and  the  fans  were 
operated  for  nearly  seven  hours  as  compared  with  only. five  hours  in  the 
first  test  (table  4) .      In  this  test  the  temperatures  show  that  materially 
faster  cooling  was  accoinplished  with  the  smaller  size  ice  (car  H)  than 
with  the  chunk  ice  (car  G) .    Fruit  in  the  top  layer  of  car  H  averaged 
about  77  degrees  at  the  beginning:;  of  precooling  and  about  51  degrees  when 
the  fans  were  stopped.    The  top  layer  fruit  of  car  G  averaged  about  73 
degrees  at  the  start  and  55.5  degrees  at  the  end  of  precooling.  Differences 
in  the  bottom  l?.yer  averages  were  smaller  but  iigain  in  favor  of  car  H. 

Average  fruit  temperatures  for  the  car  v/ore  reduced  from  75.4 
degrees  to  53.1  degrees  in  car  K  and  from  69,7  to  59.1  degrees  in  car  G, 
The  hourly  reduction  in  fruit  temperature  was  2.5  degrees  in  car  H  and 
only  1.5  degrees  in  car  G.    After  the  first  hour  of  operation,  air  blast 
temperature  V\ras  significantly  lower  in    the  car  with  the  smaller  size  ice. 

Mechanical  Units.    Table  6  shows  the  results  obtained  in  cooling  a 
load  of  420  Bruce  boxes  with  a  truck-m.ounted  m.echanical  refrigerating  unit. 
The  average  fruit  temxperaturc  at  the  start  of  precooling  was  82  degrees  F. 
The  cor.imodity  in  the  bottom  layers  cooled  to  an  averr<^e  of  about  62  degrees 
in  nine  hours,  ,vhile  that  in  the  top  layers  cooled  to  an  average  of  about 
55  de  -re  js.    The  t. , riper:  ture  oJ'  oho  air  from  the  m.echanical  unit  gradually 
decreased  from  50.5  degrees  one-lialf  hour  after  starting;'  to  34.5  degrees 
by  the  end  of  precooling. 

The  co:iu.:on  practice  in  precooli.i,^-  with  a  mechanical  unit  is  to  load 
and  precool  the  car  with  th^  bunliors  dry  :.nil  ice  th..  car  soinetime  after  pre- 
cooling has  been  completed.    Un^er  this  practice  the  cars  often  stand  for  a 
number  of  hours  after  precoolin;^  before  bei;]/j  moved  to  the  dock  for  icing. 


Table  6  shows  the  temperature  change  which  occurred  during  the  14  hours 
the  car  remained  v/ithout  ice  after  being  cooled.    Fruit  in  the  top  layer 
warmed  up  an  average  of  8.5  degrees  during  this  period  vmile  in  the  bottom 
layer  it  changed  very  little,    for  the  load  as  a  v/hole  there  was  an  average 
temperature  increase  of  approximately  3  degrees  due  bo  the  delay  in  icing. 

Results  in  the  second  test  (table  7)  were  very  similar  to  those 
described  above,    during  precooling  the  fruit  in  thi  top  layers  dropped 
from  an  average  of  85.5  degrees  F.  to  about  58.0  degrees  whJ.lc  in  the 
bottom  layer  it  cooled  to  about  63.0  degrees.    After  precooling  the  car 
stood  on  the  siding  about  17  hours  before  being  iced,  the  top  layer  warmed 
up  about  7.5  degrees  and  the  bottom  layers  changed  very  little. 

Table  8  shows  the  results  obtained  virith  a  car  to  which  4,000  pounds 
of  ice  and  100  pounds  of  salt  were  added  just  before  precooling  v/ith  the 
mechanical  unit.    Addition  of  bho  ice  did  not  increase  the  rate  of  cooling 
as  the  average  hourly  reduction  was  2.6  degrees,  the  same  as  in  the  two 
previous  tests  already  discussed  (tables  6  and  7).     It  did,  however,  greatly 
decrease  thu  tcmporaturc  spread  between  thu  to^j  •:  nd  bottom    layers.  The 
average  fruit  temperature  in  the  top  layer  v/as  only    1,7  degrees  lower 
than  that  in  the  bottom  layer,  whereas  in  the  tests  with  dry  bunkers  the 
spread  between  top  and  bottom  layers  was  5.5  to  7  degrees.    Having  the 
ice  in  th-^  bunkers  also  materially  affected  the  change  in  fruit  temperature 
'While  the  car  stood  on  the  siding  after  thj  completion  of  precooling.  The 
top  layer  warmed  up  an  average  of  only  4  degrees  compared  with  7  to  8 
degrees  in  cars  without  ice,  and  fruit  temperatures  in  the  bottom  layer 
continued  to  drop  during  the  delay  in  r.icing.    Average  fruit  temperatures 
for  the  car  as  a  whole  decreased  about      degrees  during  thj  15  hours  after 
precooling. 
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Iced  bunkers  without  precooling.    Due  to  the  lack  of  precooling 
facilities,  some  cars  are  iced  prior  to  loading  and  are  shipped  without 
precooling.    These  cars  often  stand  at  the  pacicing  house  or  on  nearby 
sidings  for  almost  t:.  full  day  before  moving  to  market.    In  order  to  de- 
termine the  temperature  changes  that  occur  in  fruit  handled  in  this  raanner 
the  test  shown  in  table  9  was  conducted.    About  S,000  pounds  of  chunk  ice 
and  200  pounds  of  salt  were  added  to  the  bunkers  of  this  car  just  prior  to 
loading.    After  loadiiig  the  car  was  closed  c„nd  fruit  temperatures  were  ob- 
tained during  the  23-hour  period  it  stood  on  the  siding .    As  the  table 
shows,  very  little  coolii:ig  occurred  in  the  top  layer,  the  average  tem- 
perature of  which  at  completion  of  loading  was  about  82.2  degrees.  Twenty- 
three  hours  later  it  was  78.8  degrees,  a  drop  of  only  3.4  degrees.  Fruit 
in  the  bottom  layer  coolud  much  mora  rapidly,  21.2  degrees  in  the  23-hour 
period.    As  shown  in  tabl-i  9  outside  air  temperatures  during  the  period 
v/ere  moderate,  remaining  below  80  degrees  during  the  entire  period  of  the 
test.    When  the  car  was  unloaded  in  Hew  ^ork  on  Uay  15  top  layer  fruit 
temperatures  had  decreased  to  58  degrees  or  6  0  degrees  and  bottom  layer 
fruit  temperatures  averaged  about  50  degrees.     This  car  was  reiced  at 
Florence,  South  Carolina. 

Discussion  end  Summary 

From  a  consideration  of  the  results  of  the  tests  described  above 
it  appears  that  oranges,  with  a  pulp  temperature  of  about  90  degrees  F. 
wrapped  and  packed  in  standard  boxes,  and  loaded  400  boxes  to  thv.-  car  can 
be  cooled  by  bunker  fans,  ice,  and  salt  at  the  rate  of  5  to  5.5  degrees 
per  hour  during -a  six  to  seven  hour  period.    However,  since  the  temperature 
of  the  fruit  should  be  reduced  to  about  50  degrees  as  soon  as  possible  and 
maintained  at  this  level  or  somewhat  lower  to  provide  best  conditions  for 
its  preservation,  a  loi^^er  precooling  time  should  be  provided  than  was  given 
in  these  tests. 
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Non-wrapped  oranges  in  Bruce  boxes  (420  per  car)  were  cooled  by 
means  of  bunker  fans,  ice,  and  salt  at  rates  varying  from  0.8  to  2.5 
degrees  per  hour  depending  on  starting  temperatures,  icing  and  salting 
method,  and  period  of  operation. 

The  rata  of  cooling  was  greater  vmon  part  of  the  salt  was  added 
after  several  hours  of  operation  th?n  v/hen  all  of  the  salt  was  added  &,t 
the  start  of  precoollng. 

The  rate  of  coding  v/as  greater  v/hen  ice  of  5  to  15-pound  size  was 
used  in  the  bunkers  than  from  ice  in  75  to  100~.)cund  chunks. 

Or.iiges  in  Bruco  bo"e3  (420  per  car)  v/era  cooled  by  rueLns  of  truck- 
mounted,  raechanical  refrigeration  units  at  the  rate  of  a^jproximately 
2.5  degre:3s  per  hour  during-  a  ninj  houi'  period. 

The  use  of  tv;o  tons  of  j.ce  and  100  pounds  of  salt  in  bhi  bunkers 
of  a  car  cooled  vdth  a  mechanical  uaic  did  not  incroaso  the  rate  of  cool- 
ing but  did  decrease  the  spread  in  teruporature  betv/een  top  and  bottom 
layers,  and  prevented  a  rise  in  averes^-e  fruit  temperature  after  the  pre- 
coolinj  unit  v/as  stopped. 

Vrnen  loaded  cars  .vero  allov/ed  to  stana  v/ithout  ice  for  14  to  18 
hours  after  thu  completion  of  precooling,  th.V;  average  fruit  temperature  in 
the  top  layer  rost;  7  to  8  degrees.    Siiice  -ohe  top  l;;.yor  fruit  had  not 
been  cooled  belo.v  55  to  57.7  degrees  in  tiie  precooling  operation  this 
rise  in  temperature  -.vas  more  soriou;"  than  it    ould  have  been  if  precooling 
had  been  adequate. 


-  ].l  - 

A  420-  box  load  of  ora/iges  (Bruce  boxes)  held  on  track  for  23  hours 
after  loading  cooled  slo;?ly  in  an  iced  car  when  no  precooling  equipment 
was  used.    During  this  time  average  fruit  temperatures  dropped  3.4  degrees 
in  the  top  layer,  and  21.2  degrees  in  the  bottom  layer.    The  average  de- 
crease in  the  whole  load  was  12.3  degrees  in  tlie  same  period.    Even  in  the 
bottom  layer  which  had  cooled  the  L;ost  the  fruit  v;as  still  59.1  degrees  at 
time  of  departure.    This  is  considerably  above  thu  level  recommended  for 
the  most  satisfactory  transportation  of  oranges.    The  relatively  warm  tem- 
perature in  the  coolest  part  of  this  load  and  warmer  temperatures  elsewhere 
in  the  load  show  that  merely  icing  the  bunkers  of  a  refrigerator  car  does 
not  take  the  place  of  precooling. 

Conclusion.1;  and  Recomir.endations 

Experience  iias  sho./n  i.hat  precooling  of  citrus  fruits  is  necessary 
at  certaii-r  times  of  the  year  and  that  the  fruit  should  bt-  precooled  to  a 
temperature  of  50  degrees  F.  and  maintained  at  that  or  a  slightly  lower 
temperature  duririg  the  transit  period. 

Commodity  temperatures  averaging  SO  degrees  or  lor/er  throughout  the 
load  can  be  obtaincid  through  th.  use  of  av..iiabl.j  precooling  equipm.ent  if 
sufficient  time  is  ^.llo.ved  and  if  the  c-[uipment  is  efficiently  operated. 
Inefficient  rofrig^ration  is  u;mally  attributable  to  insufficient  refrigerant 
in  the  mechanical  unit  or  to  failure  to  keep  tho  ice  in  thv.  bunkers  properly 
salted  and  chopped  down  -/hen  bunker  fans  ar^  used. 

To  precool  heavier  loads  nov;  required  in  refrigerator  cars,  under 
0.  D.  T.  General  Order  No.  18,  it  alii  bo  necessary  to  operate  the  pre- 
cooling equipment  for  a  longer  tim.  since  mor.  heat  units  must  be  removed  to 
obtain  the  desired  commodity  temperature. 


-  1^  - 

The  time  required  to  cool  a  load  depends  on  the  size  of  the  load, 
the  initial  fruit  temperatures,  the  rate  cad  volume  of  air  movement,  the 
refrigerating  capacity  of  the  cooling  medium,  and  the  air  temperature 
outside  the  car.    Since  for  the  most  port  procooling  is  done  during  warm 
weather,  normal  variations  in  outside  temperature  are  not  -ordinarily  a 
factor  of  much  practical  importance  in  doteriaining  the  results  obtained. 

Under  comparable  conditions  the  present  6?,5-box  locd  will  require 
about  20  to  25  percent  i.ioro  time  to  prucool  than  the  4S0-box  load  used 
y/hon  this  work  v/as  done. 

The  nhippe-f  can  c;alcrlate  v'lth  fair  accuracy  the  number  of  hours 
required  to  precool  a  giv-.uj  load  of  fruit  yih^n  he  loaovvs  the  frait  tempera- 
ture at  time  of  loading  and  the  appro.::imate  hourly  temperature  reduction 
vShovm  in  this  report  for  the  method  he  is  using. 
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Table  6.    Precooling  or^aiges  after  lo-ding  in  refrigerator 
car.    Truck-uounted  Kechanical  unit. 


Place 

Date 

Time 

Outside 
Temp. 

Test 

I  -  BF£ 

75162.  bunkers  dry 

Air 

Avs' . 

fri,]i.t  tt:np.- 

OF. 

Blast 

Top  layer 

Bot'i:i,La'r 

All  pos. 

Jacksonville,  Florida 

5/7/42 

1:50  p.n. 

87 

64.0 

81 . 5 

81.8 

81.7 

do 

do 

2:20  p.u. 

88 

50.5 

79.6 

80.5 

80.1 

do 

do 

2:50  p.ii:. 

88 

47.0 

77.1 

78.9 

78.1 

do 

do 

4:20  p.m. 

89 

46.0 

71.8 

do 

do 

5:20  p.m. 

88 

42 . 5 

68.6 

73.0 

71.1 

do 

do 

5:50  p.r;i. 

87 

41.5 

67.1 

71.8 

69.7 

do 

do 

7:20  p.Lu 

85 

41.5 

62.5 

68.4 

65.8 

do 

do 

7:50  p.n. 

81 

39.5 

61.0 

66.9 

64.3 

do 

do 

8:50  p.u. 

78 

40.5 

58.6 

65.4 

52.4 

do 

do 

9:50  p.H. 

77 

38.0 

57.2 

63.8 

60.9 

do 

do 

10:50  p.r.. 

76 

o4.5 

55.0 

61.7 

58.7 

Precooler  off  at  10:55  p.i 

.1. ,  bun 

kers  dry 

do 

5/8/42 

7:15  a.):-i. 

6  7 

61.1 

60.9 

61.0 

do 

do 

1:00  p.;;,. 

82 

65.6 

61.6 

62.5 

Table  7.    Precooling  oranges  after  loading  in  refrigerator 
cars.  Truck-mounted  mechanical  unit. 


Test  J  "  FGE  19548  -  Bunkers  dry. 


Place 

Date 

Tir.:o 

fjn  +  o  T  r)  1--) 

Toiiip . 

A  -i'  -r 

BL-.st 

/'  Tr.  - 
■t'.VU.  » 

fruit  temp.  - 

0!? 

-     r  . 

Top  L;..yer 

Bottom  Ir^yer 

iill  pos. 

Jacksonville,  Fla. 

5/8/42 

11:20  a.n. 

79 

50.0 

c  '.- 

84.0 

84.7 

do 

do 

12:20  p.m. 

82 

47.0 

81.1 

80.8 

80.9 

do 

do 

12i50  p.m. 

82 

45.5 

7o.5 

79.0 

78.8 

do 

do 

liSO  poiii. 

79 

45.5 

73.1 

75.4 

74.4 

do 

do 

3:20  p.m. 

75 

71.5 

73.5 

72.6 

do 

do 

4:20  p.m. 

75 

67.6 

70.8 

69.4 

do 

do 

G:15  p.m. 

73- 

41.5 

64.2 

67.7 

66.2 

do 

do 

7:20  p.ia. 

68 

34.5 

60.4 

65.5 

6  3.2 

do 

do 

8:20  p.  1.1. 

66 

34.0 

r,  7  7 

63.4 

60.9 

f 

recooler  ol 

'f  at  8:^ 

0  p.m. 

-  Bunkers 

dry 

do 

5/9/42 

7:45  a.n. 

58 

64.3 

62.3 

65.2 

do 

do 

1:15  p.ir.. 

72 

65.5 

63.3 

64.3 

Tuble  8.    Precooliiig  oranges  after  loading  in  refrigerator 
car.    Truck-ir.ounted  mechanical  unit. 

Test  K  -  FGE  11466  -  4,000  lbs.  ice  ^  100  lbs.  salt 
in  bunkers  at  start. 


Place 

Date 

Tine 

Outside 
Torr.D. 

Air 
Blast 

Avg. 

fruit 

tei:ip. 

-  OF. 

Top  la?/-or 

Bottoni 

layer 

i^ll  pOS. 

Jacksonville,  Fla. 

5/11/42 

3:00  p. 

m. 

78 

62.0 

78.6 

79.6 

79.2 

uo 

r\n 
U.U 

5:30  p. 

7Q 

'■iCJmO 

77  R 

7ft 

7ft  1 

do 

do 

4:00  p. 

rn. 

78 

46.08 

75.6 

76.8 

76.3 

do 

do 

5:00  p. 

la. 

82 

4o.O 

72. 3 

73.3 

72.8 

do 

do 

6:00  p. 

Hi. 

81 

41.5 

69.9 

70.0 

70,0 

do 

do 

7:00  p. 

U. 

78 

4i.O 

6  7.5 

67.6 

67.6 

do 

do 

8:00  p. 

76 

57.5 

64.6 

64.8 

64.7 

do 

do 

9:15  p. 

rn. 

74 

35.0 

51.1 

61.7 

51.4 

do 

do 

10:00  p„ 

1.1. 

73 

36.0 

L)9 . 5 

60.4 

60.0 

do 

do 

11:00 

1.., 

72 

34.5 

57.2 

58.7 

58.1 

do 

5/12/42 

12:05  a. 

J.:. 

72 

o5 . 5 

55.1 

56.8 

55.9 

Precool 

.er  off  ••■ 

t  1 

2u)5  a. 

r^.--10u0 

lbs.  ice 

ill  oa . 

bunke} 

do 

5/12/1-2 

C;00  a. 

i.i . 

73 

57„6 

51.2 

54.1 

do 

do 

1:00  p. 

U. 

87 

CO  1 

49.6 

5  o .  8 

I 


Table  9.    Temperature  of  oranges  in  non-precooled 
car  with  ice  and  salt  in  bunkers. 


Test  L  -  FGE  14981  -  Iced  before  loc-ding, 
6,000  lbs.  ice,  200  lbs.  sc.lt 


Place 

Date  Time 

Uutside 
Temp- 

Air  at  cen- 
ter of  car 

Ave.  fruit  temp.  - 

-  OF. 

Top  layer 

Bottom  1.' 

All  i-^os 

Jacksonville,  Fla, 

5/8/42  2:00  p.m. 

79 

82.0 

82  •  2 

80.3 

81.2 

do 

do       4:00  p.jii. 

74 

82.0 

82.3 

75.6 

78.9 

do 

do       6 : 00  p . m . 

71 

82.0 

82.2 

71.1 

73.6 

do 

5/3/42  7:30  p.m. 

58 

78.5 

78.9 

60.5 

70.2 

do 

do       1:00  p.irri. 

72 

77.5 
• 

78.8 

59.1 

68.9 

